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SECTION 13 beats per second is equal to the difference between the 
two frequencies given in parts A and B. 
FREQUENCY (HETERODYNE) CONVERTER CIRCUITS For simplicity, frequencies of 12 and 8 cycles are 
given in parts A and B, respectively. The envelope of the 
PART A. ELECTRON-TUBE CIRCUITS resulting waveform in part C is shown as 4 cycles pet 
second. The output signal which results after the combined 
MIXERS, signals aré acted upon by a nonlinear device in the mixer 
The fiequency-conversion function in a superheter- stage is snown in part D us the iniermediute (veut) fie 
odyne receiver is accomplished either by a mixer circuit quency. Although the frequencies (12, 8, and 4 cycles) 
with a separate local oscillator or by a pentagrid converter used in the illustration are extremely low, the heterodyne 
circuit (described later in this section). principle would be the same for other corresponding fre- 
The term mixer used in this section should not be con- quencies, such as 1200, 800, and 400 kilocycles, or 12, 8, 
fused with the term audio mixer, which designates the and 4 megacycles. Thus part A can be thought of as the 


linear circuit used to combine audio signals. The term 

mixer, us used in this seciiun, Uesignuies u nunmiineu: cus 

cuit that heterodynes radio-frequency and local-oscillator 

signals in c superheterodyne receiver to produce an inter- 

mediote-frequency signal. t 
in receiver design pructice, itis desirable tu convert : 

the received r-f signal to an intermediate frequency before | 

further amplification takes place. The principle of fre- | 

quency conversion and subsequent amplification at an in- F 

termediate frequency results in excellent selectivity and 

over-all gain characteristics for the receiver. lhe trequency 

conversion is obtained by the heterodyne orocess, which 2 CYRCES ; 

is the combining of am incoming radio-frequency signal with 


a locally generated signal in a nonlinear device, to pro- 
duce frequencies equal to the sum and difference of the 
two combining frequencies. The mixer stage sometimes re 


ferred to as the first detector in the superheterodyne re- 


- 


ceiver, performs only the frequency conversion function, B 


and must be supplied a heterodyning r-f voltage generated \] 


| | | i] BR PENG 
by a separate local-oscillator circuit. The output fre- \ | 
quencies of the mixer stage, in addition to the frequencies | 
of the input voltages, are primarily the sum and difference 
of the signal-input frequency and on integral multiple of 8 CYCLES ————— = 


the local-oscillator frequency. The oulpul circuit of the 
mixer stage is tuned to select only one trequency, which 


This difference, or beat, frequency is known as the inter- 


signa! frequencies ot unequal cmpiitude are combined, ~ ~ ~~ ~ 


ia? a 
is usually a beat frequency equal to the difference between rd / / \ / 
the signal-input frequency and the local-oscillator frequency. % / / \ f 

: Ni of \ f\ \ {\ X. 4 
mediate freqency. {fr 

At this time a brief discussion of the heterodyne prin- c | | {\ | | \} | | | | | | | 
ciple is helpful in order to better understand the produc- AY | | BY, r | | 
tion of beats in a superheterodyne receiver. The ac- i Fi \ Zo \ 
companvina illustration shows araphically how a beat \ \ | \ \ \ v4 
COMPGDY ING I SUS GUO SHOWS.gteP ¥ 7 SLE tf bf Ay 
intermediate} frequency is produced when two different y Us Nf Uy YU 


If the two waveforms, parts A and 8, are superimposed, 
E 2 —- —— 4 CYCLES a 

the waveform given in part C results; this wavetorm shows | | 

amplitude fluctuations with respect to the time axis. At \ 

each instant, the two signal frequencies (A and B) com- ™y fg iY. 7 vie 

pine to produce a resuitant amplitude which is equal in \ ‘ : / 

value to the alaebraic sum {A + 8) of the individual signal \ / YY Y F \ f 

values. The amplitude voriations, represented in part C RS VS 7 VS 

as the datted lines forming an envelone for the resultant, 

are called beots, and vary in amplitude at a frequency that 

is equal to the difference between the frequencies of the 

two signals being combined. This, ftom a study of the 

combined waveform given in part lL, if can be seen that 


Guririg the time itverval Dewweet ig wid Gy tue nuibe: UL Heteroayning ot two Signais of Unequal Amplitude 
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received r-f signal, part B as the local-oscillator signal, 
and part D as the intermediate-frequency (beat-frequency) 
output of the mixer stage after demodulation. 

To produce an output which has very little distortion, 
the amplitude of the locally generated signal must be larger 
{usually at least ten times larger) than that of the received 
r-f signal. This principle is shown by the previous illus- 
tration representing the heterodyning of two signals of 
unequal amplitude. The accompanying illustration shows 
the heterodyning of two signals of equal amplitude, and 
the distortion which results. Note that the envelope of the 
waveform shown in part C drops to zero, and that there is 
resulting distortion in the demodulated waveform shown in 
part D. 

if one of the two frequencies (A or B) being heterodyned 
is modulated, the same action as previously described will 
occur, except that the resultant waveform shown in part D 
will vary in amplitude according to the modulation com- 
ponent of the original input frequency (A ox B). 

The accompanying block diagram illustrates the heter- 
odyne principle of a frequency converter consisting of a 


to ti 


A 

eee CYCLES Ae tad 
B 
Pci 8 CYCLES Picea: 


ei \ if 
— CYCLES 


Heterodyning of Two Signals of Equal Amplitude With Re- 
sulting Distortion 
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mixer and local oscillator. Two voltages of different fre- 
quency are each fed to the input of the mixer; one voltage is 
the r-f signal voltage, and the other is the voltage generated 
by the local oscillator. These two voltages beat, or heter- 
odyne, within the mixer to produce an output having, in 
addition to the frequencies of the two input voltages, 

mony sum-and-difference frequencies. The output of the 
mixer includes a tuned circuit to select the desired beat 
frequency. ‘lhe beat trequency is generally chosen to be 

a frequency which is the ditference between the two mixer- 


input frequencies. 


Oe ay 


ts fit 
TUNED 

MODULATED dear MODULATED 

R-F SIGNAL I-F SIGNAL 


fosc 
UNMODULATED 
R-F SIGNAL 


LOCAL 
OSCILLATOR 


Block Diagram of Mixer and Local Oscillator 


In the block diagram, a modulated rf signal is applied 
to the mixer stage; an unmodulated r-f signal of constant 
amplitude from the local-oscillator circuit is also applied 
to the mixer stage. ‘lhe heterodyning, or mixing, of tnese 
two signals produces, in the mixer output, on intermediate- 
frequency signa! which contains all of the modulation 
characteristics of the original modulated r-f signal. The 
undesired sum-and-difference frequencies and the two 
mixer-input frequencies (r-f and oscillator signals) are 
tejected by the tuned circuit in the output of the mixer; 
only the desired intermediate (difference or beat) fre- 
quency is permitted to pass through the tuned circuit. This 
intermediate-frequency signal is then amplified and detected 
in succeeding stages of the receiver. 

The local-oscillator frequency differs from the frequen- 
cy of the received r-f signal by an amount equal to the 
intermediate frequency; therefore, the local-oscillator fre- 
quency con be either above or below the received r-f signal 
and, in either case, produce the desired intermediate 
frequency. Depending upon the design requirements of 
the receiver and the frequencies involved, the local os- 
cillator is tuned to a frequency either higher or lower than 
the r-f signal frequency. When the local-oscillator fre 
quency is belew the received r-f signal, the following for- 
mula applies: 

fas = fs-fose 
where: fig = intermediate frequency 
s =teceived r-{ signal frequency 
fose = local-oscillator frequency 

When the local-oscillator frequency is above the re- 

ceived r-f signal, the following formula applies: 
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fis = fosc = fy 

The mixer circuit includes a nonlinear element, con- 
sisting of either an electron-tube or semiconductor device; 
if an electron tube is used, the nonlinear element can be 
a simple rectifier (diode), a triode, or a multigrid tube. 
When a triode, tetrode, or pentode electron tube is used as 
the nonlinear circuit element, the tube is biased at or near 
cutoff, or otherwise operated on a nonlinear portion of its 
characteristic curve. Triode and multigrid electron tubes 
used as the mixer in superheterodyne receivers generally 
produce some signal amplification (conversion gain), in 
addition to the desired frequency conversion. A discus- 
sion of similar nonlinear elements is given in Section 11, 
Detector (Nemodulator) Circuits. 

Mixer-iocal osciliator combination circuits can provide 
teasonable frequency stability in superheterodyne re- 
ceivers up to approximately 500 mc. The mixer circuits 
described in this section are representative of typical 
electron-tube mixers found in many communication-elec- 
tronic equipments. 


DIODE MIXER. 
APPLICATION. 


The diode mixer is used in superheterodyne receiver 
circuits to combine, or ‘mix’, the r-f signal from a local 
oscillator with the incoming r-f signal, in order to produce 
the desired i-f (intermediate-frequency) output signal. 

The electron-tube diode mixer is generally used in appli- 
cations where signai-to-noise ratio is an important cun- 
sideration or where the transit time at very high trequen- 
cies becomes critical for other types of electron-tube mixers. 


CHARACTERISTICS. 

Requires a separate local-oscillator circuit to supply 
the heterodyning voltage. 

Utilizes the principle of rectificati 
device. 

Output circuit is tuned to the difference frequency, or 
intermediate frequency. 

Conversion gain is less than unity. 

Signal-to-noise ratio is good. 


CIRCUIT ANALYSIS. 

Generali, The diode mixer is one of the simplest types 
mix uits employed as a frequency converter. In 
is 


application, voltages of the two input frequencies to 
az 


8 ES 


heterodyned are applied in series to th 


mixer-output voltage is obtained from a tuned transtormer 


sutout circu: is 


er impedance-coupiing arrangements Ghevsutout ciscurt sc: 
tuned to the difference trequency (intermediate trequency Yi) 
so that it will pass this frequency on to the succeeding 
intermediate-frequency amplifier stages but will attenuate 
(teject) all other trequencies. 

The electron-tube diode used as a mixer is subject to 
transit-time effects; theretore, its use aS @ mixer at very 
high frequencies is somewhat limited. When tronsit-time 
effects are important, the crystal diode is frequently used 
@s go mixer in prefeuce to the elec ton-tube dade. 

Cireuit Operation. A-simple diode mixer citesitis 


illustrated in the accompanying circult schematic, Trans- 
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former Tl consists of an untuned primary winding and a 
tuned secondary winding; capacitor C1 and the secondary 
winding of Tl form a resonant circuit at the frequency of the 
tf signal to be received. Transformer T2 is similar to Tl, 
except that capacitor C2 and the secondary winding T2 

form a resonant circuit at the frequency of the local-os- 
cillator signal. The resonant circuits, shown in the sche- 
matic as Tl, Cl and T2, C2, are actual L-C circuits com- 
posed of inductors and capacitors at all radio frequencies 
up to the ultra high frequencies. At the ultra high frequen- 
cies and above, the tuned circuits may be in the form of 
tuned lines or resonant cavities. 

Electron tube V1 is a cathodetype diode; the filament 
theater) circuit is not shown on the schematic. 

Transtormer T3 is a double-tuned transformer, with the 
primary and secondary circuits resonant to the output 
(intermediate) frequency. This transformer exhibits a 
bondpass characteristic and thereby discriminates aqainst 
frequencies above and below the desired output frequency. 
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Diode Mixer Circuit 


When no r-f signal is applied to the input of transformer 
TI, but the local-oscillator signal is applied to the input 
(primary) oi transformer T2, diode V1 acts only as a cecti- 
fier. For this input condition, the current pulsations pass- 
ing through the primary winding of the double-tuned trans- 
former, T3, are these of the local-oscillator frequency; 
nowever, the tuning of transformer T3 does not permit the 
1a ray $2 rAneAh the outont 


at hi " Rodi 
BCU -OSCiuator frequ ency ta teccn the cutput because of the 


bandpass characteristic of the transformer. 
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simuitaneousiy applied to their respective tuned circuits 


(Tl snd T23, the two signa! voltages are applied in series 


Since tne two applied signals differ in frequency, the 
voltages are not always in phase with each cther. Period- 
ically these two voltages aigebraicaily add or subiraci io 
produce an amplitude variation at regular intervals; it is this 
Deriodic an iplitude variation in the form of a beat-fre- 
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by the instantaneous signal voltages as they combine to 
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increase amplitude when approachirs an in-phase relation- 
ship and to decrease amplitude when cprroaching an out- 
of-phase relaticnship, 

Because tne two sine-wave frequencies are superim- 
posed, the mixer diode rectifies, or detects, both frequen- 
cies. As a result, pulsating currents which vary in ampli- 
tude at the beat-frequency :ate are produced in the primary 
of transformer T3. Thus, a carrier envelope is formed 
which varies in accordance with the difference frequency. 
The pulsating currents forming the carrier envelope flow 
through the primary winding of transformer T3. Since the 
primary circuit is tuned, it presents a high impedance to 
the difference (intermediate) frequency. Consequently, 
this frequency is passed by transformer T3, and a voltage 
is induced in the secondary winding which varies in ampli- 
tude in accordance with the amplitude of the original r-f 
signal, 

Tf the received t-i signal contains amplituce-modulation 
components, the beat cifference will also contain ampli- 
tude-modulation compenents, which vary in accordance 
with the audio frequencies modulcting the original rf sig- 
nal. If the received r-f signal is frequency-modulated, the 
beat difference will deviate at the same rates as the original 
t-{ signal. Thus, it is seen that the characteristics of the 
intermediate-frequency signal are the sameas those of the 
original receivec signal, except that the frequency of the 
received signal has been ‘converted!’ to a lower frequency. 

The output signal voltage developed across the second- 
ary tuned circuit of transformer T3 is applied to succeeding 
intermediate-frequency amplifier stages and is subsequent- 
ly detected, or demodulated. 

FAILURE ANALYSIS. 

General. Since the circuit of the diode mixer is re- 
latively simple, failure of the circuit to operate can be re- 
solved to one of several possibilities. The diode, V1, 
should be checked to determine whether it is in satisiac- 
ary condition and whether the correct filament (heater) 
voltage is applied to the tube, 

The presence of an r-f signal (or a test signal) and the 
local-oscillator signal must be determined, since no out- 
put can be obtained from the mixer circuit unless both 
signals ore applied to the mixer input. Resonant circuits 
Tl, Cl ond T2, C2 must be properly aligned, each to its 
specified frequency. The double-tuned cutput transformer, 
T3, must also be correctly tuned to the desired intermed- 
jate frequency. Since one or more open windings in the 
tuned circuits (Tl, T2, and T3) can cause a lack of output, 
these windings should be checked with en ohmmeter to de- 
termine whether continuity exists, 


TRIODE MIXER. 
APPLICATION. 


The triode mixer is used inreceiver circuits to combine 
or 'mix"’ the t-f signal from the local osciliator with the 
incoming r-f signal, to produce the desired intermediate 
frequency (1-F) output. 
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CHARACTERISTICS. 

Requires a separate local escillator circuit to supply 
the heterodyning voltage. 

LF frequency remains the same for any selected input 
frequency. 

Operates on the non-linear portion cf the Ealp curve. 

Has an amplification factor, which is referred toas con- 
version gain. 


CIRCUIT ANALYSIS. 

General. The purpose of the mixer stage is to convert 
the incoming r-f frequency, usually into a lower frequency, 
which contains the same characteristics (modulation) as the 
original r-f frequency. This lower output frequency, called 
the intermediate or i-f frequency, remains the same, regard- 
less of the frequency of the r-f signal received. 

By operating over the non-linear portion of the tube’s 
characteristic Eg-Ip curve, harmonic distortion is produced 
in the plate circuit, and as a result of this harmonic distor- 
tion, new frequencies, which are harmonics of the input, are 
introduced. By proper selection of the local oscillator 
frequency, specific output frequencies can be obtained. 
This mixing of frequencies is called heterodyning, and the 
result at the plate is the presence of four basic frequencies: 
Namely, the sum and the difference of the two inputs, and 
the two original inputs (vorious other beats are also pro- 
duced but are not often used particularly becouse of the 
small amplitude remaining as compared with the basic out- 
puts). A resonant tank in the plate circuit is tuned to the 
selected difference frequency, so that it will pass only this 
frequency on to the succeeding i-f amplifier stages and thus 
effectively attenuate all of the other beat frequencies. 

Circuit Operction. The accompanying circuit diagram 
illustrates a typical triode mixer. 

L2, the secondary of Tl, together with Cl, forms a tank 
circuit tuned to the desired r-f frequency, and this selected 
t-f signal is applied directly to the control grid of tube V1. 
The tube is biased class “"C" by the use of C2 ond Rl, 
which forma cathode bias circuit, and it is for this reason 
that the tube operates on the non-linear portion of the Eelp 
curve. Thesignal from the local oscillator is coupled 
through transformer T3 to the cathode circuit of the tube, 
and because the tube operates on the non-linear portion of 
thecharacteristic curve, the two input signals are mixed. 
The result at the plate is a signal containing the sum and 
difference of the two inputs, plus each of the two originally 
applied signals. The primary,L3, of T2, together with C4, 
forms a tank circuit tuned to the difference, or i-f frequency, 
and capacitor C5 bypassed the unwanted rf frequencies to 
ground. 

With no r-f signal applied, and with the sicnal from the 
local oscillator applied to the cathode circuit, tube V1 con- 
ducts. The current through the cathode starts charging 
capacitor C2, but because of its long time constant, the 
cycle ends before the capacitor can charge to the peak 
value of the input. The charge is slow to leck off, however, 
because of the value of R1, and within a few cycles, the 
cathode circuit stabilizes at a voltage which determines 
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Typical Triode Mixer 


the operating bias of the tube. Fer adcitionel information 


on cathode bias, r refer to section 2. sorcoraph 7 2.2.1 of the 
Handbook, Because of the large cathode bias, the tube 


operates cicss "C", and thus over the nonlinear portion of 


the Eq-Ip curve. 
Capacitor Cl and the tuning capacitor in the local oscil- 

lator are mechanically connected, so that whenever the 

yeluedkCi 


; honapa + ot ta the wet nc 
OO! is chanced ic operate the-r-f st 


Ronkgatee nantioullor 
frequency, the local oscillator tank is also changed aute- 
matically by the same amount. This results in the local 
oscillator frequency ond the rf frequency always being 
separated by the same amount at any frequency which mcy 
be selected at the input. The amplitude of the local oscii- 


+ + ome! Semmtolis +, ee An meant ne th 
Latorwoltagetesapercimatelrer tinessae credit ae the 


t-£ signal amplitude, for efficient mixing and the frequency 
is eee either above or delow the r-f frequency, Ss oe 
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cathode circuits, respectively, AS previou 

these two incuts are of different freevenctes 
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sequently, ‘te periodically vary ir. their phas ; 
ships witn euch otner. For tnis reason, they add or sud 
tract algebraically at regular intervais, and the result at the 
plate 1s anew signal whose amplitude varies at a steady 
rate. This variation in amplitude is = primary impertance, 
and is known as the ‘neat-frequercy!! 


This beat 
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results from the algebraic addition of the two inputs as they 
approach an in-phase relationship, and their subtraction as 
they approach an out-of-phase relationship. This deat fre 
quency is equal to the desired i-f frequency. 

The resulting plate current pulses, whose amplitudes 
vary at the beat-frequency rate, arrive at the primary of trans- 
former T2, and a carrier envelope which varies at the beat 
{i-f) frequency is developed. Since the primary of T2 is 
tuned to this i-f frequency by the use of C4, it presents 
a maximum load to the plate at the i-f frequency and the 
changing field thet is developed around the primary wind- 
ing induces an output in the secondary. All other bect 
frequencies present in the primary are not developed, be 
emise the impedance tn these frenuiancies je ata minimum, 
For a detailed description of the heterodyning action, refer 
to the introduction to this section of the Handbook. 

If the received r-f signal contains amplitude modulated 


sornnnents the beat frequency also contains air Vor ae 
components, ot iregu joe) beh ging Gunso S 


tude modulated components, which vary in accordance with 
the audio frequencies modulating the original r-£ sicnal. 

the received r-f signal is frequency modulated, the beat dif- 
ference will deviate in frequency at the same rate as the 
original 1-f signal. Thus, the characteristics of the i-f 
signal are the some as those of the origin al receivec 


converted to a lower frequency. 

A commonly used circuit variation of the triode mixer 
applies both the local oscillator and r-f signals to the arid 
of the tube. There is little operational difference, but 


Lather non 


cathode injection provides better rstohilin 


oscillster stability, sir: 


the load impedance presented to the oscillator is lower. 

The advantage of the triode mixer lies in its relatiy 
simplicity and relatively nigh signal to noise ratio. The 
conversion gain is about one third of that of the same tube 
used as an amplifier. 

The use of the triode mixer, however, is limited to the 
VHF spectrum or lower. Above these frequencies, the ef 
fect of the interelectrode capacitance of the tube elements 
becomes toc great, and the low output is not practical. 


FAILURE ANALYSIS. 

No: Output. A defective tube, an sparc skttie? Cl, 
C4, or CS, or a defective Tl or T2 can cause a no-output 
condition to exist. If no output exists, check the plate of 
V1 with a voltmeter for the presence of plate voltage. If 
plate voltage is not present, check L3 for a possible open 
and C5 for a short, with on ohmmeter. 
exists check C2, C4, and C5 with an ohmmeter for shorts 
or opens, alse check Tl and T2 for continuity or possible 
shorts. Check the secondary of T3 also for a possibie 
open circuit. If the above checks fail to locate the trouble. 
check all capacitors for value with an in-circuit capaci- 
lor Checker. 

Low or Distorted Output. A defective tube, or low 
piate supply voitage can cause a iow output condition to 
exist. Check the plate supply voltage with a voltmeter 
for the proper voltage. Check the output of the local oscil- 


If no output still 


ELECTRONIC CIRCUITS NAVSHIPS 
lator with an oscilloscope to make sure that it is of proper 
amplitude. 

A distorted output can be caused by a defect in nearly 
any component in the circuit. Check for the presence of 
the t-f signal on the grid of V1 with an oscilloscope. If 
no signal is present, check for a signal on the primary of 
Tl. If the signal is present on the primary, check the trans- 
former windings with an ohmmeter for an open or short, and 
capacitor Cl for a possible short. If no signal is present 
on the primary, the trouble lies in the preceeding r-f ampli- 
fier stages, and the mixer is probably not defective. Check 
for presence of the local oscillator signal on the cathode. 
If not present, check for its presence on the primary of 
transformer T3. If not on the primary, the trouble lies in 
the oscillator circuit,and the mixer is probably not at fault. 
If the signal is present on the primary, check the secondary 
of the transformer for a short or an open, and check Rl 
and C2 for proper value, If both the loca! oscillator and 
the input r-f signals are present at the grid and cathode of 
the tube, the trouble is in the plate circuit. Make certain 
that the plate tank circuit is tuned to the proper i-f fre- 
quency. Check C5 with an in-circuit capacitor checker to 
determine if it has changed in value, Check the windings 
of T2 for a partial short, as this can change the resonant 
frequency of the tank. 


PENTODE MIXER. 
APPLICATION. 


The pentode electron tube is used as a mixer in super- 
heterodyne receivers to combine, or ‘'mix'’, the rf signal 
from a local oscillator with the incoming r-f signal, in 
order to produce the desired intermediate frequency (i-f) 
output signal. 


CHARACTERISTICS. 

Requires a separate local oscillator circuit to supply the 
heterodyning voltage. 

Output circuit is tuned to resonate at i-f frequency. 

Plate resistance ond transconductance are fairly high. 

Operates on non-linear portion of Eg-Ip curve. 

Qutput frequency (i-f) remains constant under normal 
operating conditions. 

Has ¢ relatively hich conversion gain and signal to 
noise ratio, 


CIRCUIT ANALYSIS. 

General. The pentode mixer is frequently used in f-m 
equipment for the v-h-f band. At frequencies where the 
screen grid is effective, the pentode mixer provides good 
isolation between the input and output circuits. This means 
reduced input loading and elimination of possible instability 
as compared with a triode mixer. The oscillator and signal 
voltages are usually applied to the control arid simultane 
ously. In this way, a noise figure is obtained which exceeds 
that of a normal pentode amplifier, but which is much lower 
than in any of the multigrid mixers, 
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The pentode has an extremely hiah conversion trans- 
conductance and permits high voltage gain in the mixer 
stage. The equivalent noise voltage produced by the tube 
is twice that of atriode mixer cf the same transconductance. 
Because of the high obtainable transconductar.ce of pen- 
todes, the overall] performance can exceed that of most 
triodes. Since the triode has a certcin amount of stray 
coupling between grid and plate circuits, itis at a dis- 
advantage in this respect when compared with the pentode, 
At the signal frequency, the i-{ circuit is capacitive, and 
this, because of Miller effect, results in a reflected low 
resistance in the grid circuit. The screen in a pentode 
effectively stops this loading. With a pentode, cathode 
injection of the oscillator signal is possible, but this 
mode of injection increases the effective cathode induct- 
ance, Since the input load is proportional to the cathode 
inductance, cathode injection lowers the voltage aain of the 
input circuit and alsa the neise performance. The stability 
of the oscillator, however, is improved at very-high fre 
quencies, where a !ow-impedance oscillator load is needed. 
Unless the oscillator and mixer are loosely coupled, 
interaction and pulling becomes severe. Interaction of the 
oscillator and the signal is greatest wher. they are both 
applied to the same grid. Similarly, oscillator radiation 
becomes a greater problem; however, the hich transconduct- 
ance of the pentode permits the use of small oscillator 
voltages, and radiation is not as great a problem as ina 
triode. 

In operation, the use of a pentode as a mixer is similar 
to the use of a triode as a mixer. However, the use of a 
single grid for both the carrier and local oscillator signals 
sometimes gives rise to difficulties resulting from coupling 
between the currier input circuit and the local oscillator 
circuit. Using the pentode as a mixer, one signal may be 
applied to the suppressor grid and the other signal to the 
control grid. By applying the input signals to seperate 
grids, it provides some isolation between the local- 
oscillator and r-f signals. The value of thecathode re 
sistor is chosen so that it will cause the tube to operate 
on the non-linear portion of the Es-Ip curve (the lower bend 
of the reponse curve). The plete current of the tube then 
contains the two original input frequencies as well as the 
sum ond difference frequencies of the two original signals. 
The signal from the local oscillator is normally made much 
stronger than the r-f input signal so that the percentave of 
modulation is kept low. The low percentage of modulation 
required for frequency conversion can be produced in several 
ways. The method most frequently used depends on the 
tronsfer characteristic of a tube or other circuit element. 
The transfer characteristic expresses the relationship be 
tween the signal applied to the input of a device and the 
signal obtained from its output. The transfer characteristic 
of a vacuum tube is not a straight line, since the relation- 
ship of Eq to Ip usually is curved at low values of plate 
current. Therefore, the vacuum tube is a non-linear device. 
When the voltage on the grid of a vacuum tube becomes 
more negative and reaches the plate current cutoff value, 
no current flows in the plate circuit. Consequently, for an 
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in the input circuit. 
, even if its trans- 


entire rance of voltages nc current flow 

Therefore, the vacuum tube is non-line 

fer characteristic is perfectly Sekai: 
Circuit Operation. The schematic of a typical pentode 


i irevit is sho. hea ting illustrasi 
mixer circuit is shown in the secompanying illustration. 
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Typical Pentode Mixer Circuit 


Transformer Tl consists of an untuned primary winding 
and « tuned secondary winding; capacitor Cl and the 
secondary winding of Tl form ¢ resonant circuit at the 
frequency o at tha rf cianai te he veceivad Flectran the 
Vl is a pentode; the filament t (neater) circuit is not shown: 
on the sche:,ctic. 

After being ampiified in ihe step-up transformer Tl, the 
t-f signal is applied to the ovid of mixer tube V1 alonc 
with the local oscillator siqnal which is hae ae through 


an 
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of the incoming r-f signa! voltage. The loca! oscillater 
frequency is either above o: below the desired i-f frequency 
(depending on the circuit application), by an amount whick 
is equal to the desired i-f frequency. 

Since the two applied sionals differ in frequency, their 
voltages are nct always in phase witn eacn other. Period 
ically these two or ire ile cally ade or subtract te 
produce an ampiitcs ci intervals; itis this 
periodic amplituce variat q ae frequency 
voltage whica is of createst Paes The beat iequeney 
is actually the difference fregiercy produced es the in- 
stantaneous sinnai voltajes as they combine to increase 
ampiituce wren appreacning cn in-phase reletionshir, and 
to decrease when approaching an out-of-phase relationship. 

if the incoming ¢-f signal contuins amplitude modulated 


information, the resulti 
INformaes,. erwscinl | 


rmevowill also contain 
ead ri bh iio KlobrcilgEesiee 


tf signal frequency. 
sinc or peetets te es 


thevshy crscterist 


cony jertod ta tad ins are Bikes igher ire i} 


er frequ 
application. 

As a result of the hetercdyning action taking place 
within the elements of the tube, the output signals present 
at the plate of V1 are: the sum, ct tae two input siqnais, the 
difference of the two i 
nals themselves. 
T2 is tuned, it 
i-f frequency. 
consisting of tne primary 3 
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signal. 
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the previous checks fail to locate the trouble, the circuit 
supplying the plate voltage is probably at fault. 

Low Output. A low output would normally be caused 
by a defective or weak V1, or a low filament or plate volt- 
age, or if the i-f ond r-f tank circuits are not tuned to the 
proper frequencies. A weck local oscillator voltage can 
cause a low output. Check the filament ond plate voltages 
with a VTVM. If they are not normal, refer to the procedure 
in the previous paragraph. If they are normal, check the 
amplitude of the local oscillator signal. If it is low, 
check C3 with an in-circuit capacitor checker. If the out- 
put is still low, the trouble is probably in the local oscil- 
lator circuit. 

Distorted Output. A distorted output can be caused 
by a defect in nearly any component in thecircuit. With an 
oscilloscope, check for an r-f signal on the secondary 
winding to Tl. If the rf signal is not present, check the 
windings of Tl with an chmmeter for continuity. Should 
the windings not be defective, the trouble lies in the pre- 
ceeding stages and the mixer is probably not defective. 
If the signal is present on the secondary winding of Tl, 
check for the presence of the local oscillator signal on 
the high side of C3. If it is not present, the loca! oscilla- 
tor is at fault. If it is present, both the r-f and local 
oscillator siqals should be present on the contro! grid of 
Vi. If the local oscillator signal is not present, C3 is de- 
fective. If the r-f signal is not present, C2 is defective. 
If both the r-f and local oscillator signals are present on 
the control grid of V1, Tube V1 is probably defective, If 
the output is still distorted, check the plate and screen 
voltages with a VTVM. If both voltages are low, check 
the output of the plate voltage supply. If it is low, the 
trouble lies in the plate supply. If it is normal, and the 
screen voltage is low, check R2 with an ohmmeter, and 
C4 and C5 with an in-circuit capacitor checker. If the plate 
voltage is low, check C6 with an in-circuit capacitor checker 
and the primary winding of T2 with an ohmmeter. If the out- 
put is still not present, check the secondary winding of T2 
with an ohmmeter. 


PENTAGRID MIXER 
APPLICATION. 


The pentagrid mixer is used in modern superheterodyne 
receivers as a frequency converter. Incoming rf signals 
are combined with signals from a local oscillator to pro- 
duce an intermediate frequer.cy (i-f). 


CHARACTERISTICS. 

Offers good selectivity. 

Serves both as a frequency converter and a high qain 
amplifier. 

Signal-to-noise ratio is poor. 

Requires a separate local oscillator to supply the net- 
erodyning voltage, 

Uses two input control gids to provide electron cou- 
pling. 


CHANGE 2 
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Operates with either cathodeself, fixed, or ave bias 
voltage. 


CIRCUIT ANALYSIS. 

General. The functional operation of the pentagrid 
mixer is very similar to that of other mixer circuits dis- 
cussed previously in this handbook. R-f and oscillator 
voltages are injected into the tube and added algebraically, 
The fundamental frequencies, along with their sum and 
difference frequencies, appear across the output circuit. 
The output circuit is a parallel resonant tank, tuned to the 
i-f. The desired i-f sicnal is trensformer coupled into the 
next stage. 

The primary difference between the pentaarid mixer cir 
cuit and other mixer circuits is the input arrangement. In 
the diode, triode, and pentode mixer the rf ond oscillator 
voltages are inserted on the same tube element, allowing 
for greater interaction between input signals. In the penta 
grid mixer, t-f and oscillator signals are inserted on sepa 
rate control grids, isolated from earch other and the plate by 
screen grids. Consequently, the frequency pulling effects 
and signal interaction, cormmon to other mixer circuits, is 
virtually eliminated. 

Circuit Operation. Before discussing operation of the 
pentagrid mixer it will be helpful to review the operation of 
the pentagrid tube. 

The pentagrid tube consists of a plate, cathode, fil- 
aments and five grids, hence the name pentagrid. Two of 
the grids are used as control grids (GI and G3), two are used 
as screen grids (G2 and G4), and the fifth is used as a 
suppressor grid. For all practical purposes the gain of 
the pentagrid tube is comparable to that of the pentode, 
however the introduction of on extra screen grid increases 
the partition noise, and consequently, the circuit noise, 

The screen grids are operated at a positive voltage and 
serve as the accelerating anodes for electrons leaving the 
cathode. However, the electrons strike the plate of the 
tube with such force that they bounce off (secondary emis- 
sion) and form a space charge around the positive screen 
grid (G4). 

The space charge greatly limits the plate voltage swing, 
so a negative grid (G5) is placed between screen and plate, 
and its negative charge diverts electrons back to the plate. 

By following the above discussion it can be seen that 
the pentagrid tube plate current is made independent of 
plate voltage. In fact, the plate voltage may swing as low 
as, ot lower than, the screen voltage withaut serious loss 
of amplifier gain capabilities. In mixer circuits gain (cm) 
is referred to as “conversicn transconductance” and rep- 
resents the quotient of i-f output current divided by r-f 
input voltage; or, conversion transconductance = lit/Ert. 

In pentagrid tubes conversion transconductance may run 
as high as 500 micromhos. 

In the mixer circuits previously discussed, such as the 
triode and pentode mixer, the r-f and oscillator sigais are 
injected on the same control grid. Thus the r-f input cir- 
cuitis seen" by both inputs and stray coupling induces 
oscillator detuning, or frequency pulling, In pertagrid 
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mixers, r-{ and oscillator signals are simultanecusly in- 
jected on seperate control grids (Gi ond G3). As stated 
previously in this discussion, G2 acts as an electrostatic 
shield between the input elements, and is effectively 
grounded at r-f frequencies by capacitor C3, Thus, the 
input circuits are snielded from each other, and interaction 
coised by stray ecapaciti ON a lig dec | pling is virtually eliminated. 
Hence the instability of operation ond frequency pulling ef 
fects common to other :ixer.: is not experienced in the penta- 
gtid circuit. 

Thus, in the pentagrid mixer the gain is ni and a 
small emount of rf voltage procices a high rf output, ond 
the input grids cre also isclated creating a atable circuit 


frae from frequency o {lites attacts 
ph eas OOS. Dae aece ees 


A typical pentagrid mixer circuit is illustrated in the 
accompunying schematic diagram. 
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As the receiver is tuned to the desired r-f frequency the 
t-f signal is impressed across coil L1. Transformer action 
takes place and the siqnal is transferred inductively from 
the primary tosecondsry winding [.2. Cail 1.2 ond capacitor 
Cl form a parallel resorant tank between the control grid 
(Gl) and cathode, tuned to the selected r-i frequency. 


Canacitor C2 by- nasses extraneous frequencies to staund 
pacitor posses 1CCUs WSQUuaIciss t ground 


and prevents sete entering the bias supply. 

As r-f and oscillator signals appear simultaneously on 
Gl and G3, respectively, plate current increases and the 
tube operates just cbove cutoff on the non-linear portion of 
the Eg Ip curve (the lower bend in the response curve), 

Ramonic distortion, ccused by operating the tube non- 
uneary, results i roreey o action witai iii: ih 1 tube. The 
two original frequencies, plus their sumand difference fre 
quencies, appear petween the piate cnd grounc across L3, 
and C4. The parallel resonant tank, formed by L3 and C4, 
selects the difference [ reguesesy aha transformer detion 
occurs between the primary or secondary of T2, resulting 
in the i-f appearing scross L4. The unwanted frequencies 
(the two originals and their cum) are sypessed through C5 
to ground. Capacitor C5 is of a circuit value which will by- 
pass the high frequency components in the plate, but not 
the relatively law frequency i-f. Since the i-f tamk offers a 
high primary: load impedance, only the i-fsionel is de- 
veloped across it and is inductively coupled to the second- 
ary or Output winding. The output then consists of a sicnal 
at the intermedicte frequency which contains all the oriai- 
nal siqnal modulation and ary hum modulation from the 

; Ra eect ener OS 4 


local oscillator, a notucequstey picte aiterce. 


FAILURE ANALYSIS. 
No Output. Before troubleshooting the mixer Stace it 
is necessary toascertain that r-f ond loccl escillator signals 
of proper amplitude and frequency are present at the inputs 
to the mixer circuit. The operation of the mixer circul+ 
depends upon the heterodyning of these tw 9 signals and if 
either is absent an i-f output wil! not appecr across L4. 
An oscilloscope, eyuipped with u igh frequency—hiah 
impedance probe, must he user to check the presence of 
t-i and oscillator signals on Li and G3 respectively. 
Alter essuring the 5 ple Sune Sri eae reere) v4, abe check the 
de and bias supply output voltage fer nominal output and 
tipple as directed in the equipment handoook. 
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for correct dc resistence. ‘lee on in-circuit capacitor 
checker to check capaciters C2 and Cé fer a skertedor 
leaky condition. 

If all circuit components are within tolerance and the 
presence of both --f and oscillator sisncls is verified, the 
tube is most likely at fault. 

If still no output is obtained, check the tuning of the 
input and output circuits as directed in the equipment 
handbook. If either tank will not tune, carefully check 
the capacitor and coil associated with the tank. Remove 
power and use an ohmmeter to check the primary and sec- 
ondary windings of Tl ond T2 for the correct de resistance. 
If the resistance has increased the Q of the circuit will 
be decreased and output at the desired frequency may be 
impossible to obtain. 

Low or Distorted Output. Check the r-f and oscillator 
input circuits for proper amplitude and frequency with an 
oscilloscope. Be especially watchful for distorted input 
waveforms caused by noise, hum, defective coupling, etc. 
If input waveforms are correct and free from distortion, 
check the waveform at the plate of V1 (use a 30-100 pf, 

250 v de blocking capaciter in sertes with the probe). 

If the waveform appearing on the plate is clipped or 
small in amplitude, check for correct de operating voltages 
on the tube elements. Check hias voltace first, as in- 
creased bias will cause abnormal plate voltage due to 
decrease conduction. If bias voltage is incorrect check 
tesistors Rl, R3 and Rd ane coil L2 for correct de resist- 
tance. Check 1-f ay-pess capacitors, C2 and C6, for shorts 
using an in-circuit capacitor checker. 

If bias voltage is correct anc plete voltage is low cneck 
thedc resistance of RS anc L3. Also check C5 for a 
shorted or leaky condition. 

If all voltages cre correct and the output of the tube is 
still weak, the tube is probably defective. 

If the output of V1 appears normal an¢ the output of the 
mixer stage is still weak or distorted, check the tuning of 
the output tank circuit. If the tuning of capacitor C4 hes 
shifted appreciably the bcnd pass cf the tank circuit will 
be greatly reduced cnd the :-f frequency will be suppressed. 


BALANCED MIXER. 
APPLICATION. 


The balanced mixer is used in receiver circuits to 
combine or ‘mix’ the r-f signal from the local oscillator 
with the incoming :-f signal, to produce the desired inter- 
mediate frequency (i-f} output. 


CHARACTERISTICS. 

Uses two triodes connected in push-pull. 

Fixed, class ‘'C!’ nics is usec. 

Requires a separate lecal oscillator circuit to supply 
the heterodyning voltage. 

Provides amplification, which is referred to as conver- 
sion gain. 

]-F frequency remains the some for any selected input 
frequency. 


CHANGE 2 
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CIRCUIT ANALYSIS. 

General. The purpose of the mixer stege is to convert 
the incoming r-i frequency, usually into a lower frequency, 
which contains the same cnaracteristics {(modulsticn) as 
the original r-f frequency. This lower output frequency, 
celled the intermediate, or i-f frequency, remains the same, 
regardless of the frequency of tne ri signal received. 

The local oscillator sicnal is applied in parallel to 
the grids of tubes V1 and V2 while tae r-f sicnal input ts 
applied in series with the locc] oscillater input so that the 
t-f input cltemately aigs ard oppeses the local oscillator 
signal. 

By cperating both tubes class "C', and by apolyine 
two cifferent frequencies te the input of the tubes, ¢ mixzins, 
or heterodyning action. occurs, and the result at the plates 
is a number of cifferert frequencies, which consist pri- 
marily of the sum and the difference of the two inputs, and 
the two originally appliec signals. 

Since the tubes cre connected for push-pull operation, 
the outputs aid ecch otner at the output transformer, which 
is usually tuned to the difference frequency, and fer this 
reason, a higher amplification ‘ector is obtained. 

Cirevit Operation. This accompanying circuit diegram 
illustrates a typical balanced mixer. 


Typical Balanced Mixer 


The input r-f signc!, applied to the primary of Tl, 
is selectec with tuning capacitor Cl, which is mechanically 
connected to the turing capacitor in tue lecal oscillator, 
The secondary of Tl is split, crd the local oscillator siqnal 
is applied through transformer T2 to the center tcp of the 
split secondary. Capacitor C2 provides an effective ground 
for the center top of the split secondary, and C3 provides 
a ground return for te seconcary of T2 and keeps r-f out 
of the bias supply. Resistor Rl esteplishes Class C bias 
on tubes Vl and ¥2, and capsciter C4 is on rf bypass to 
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ground. Resistor R2 is ¢ plate voltase drepring resistor 
which establishes plate voltcge for the tubes. Capaci- 
tors C5 and C6 inthis output circuit are used to tune the 
primary of the output transformer, T3, to the desired dif- 
ference i saad 
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result at the plate of V1 is a neactive aoing sicrai which 
is the sum of tie two input signels. The pvo signals on 
the grid of V2, however, are out of phase, and the result 

at the plate is the algebraic difference. Beccuse the local 
oscillater ¢ eee is cancelled out in the slate tank cir 
cuits, the resultant output is o negative acing simal which 
is the algebraic sum ma the two t-f inputs. 

The local oscillator signal is of ¢ different frequency 
than the r-f input, so their phase relationship with eaca 
other is constantly varying. The closer they are in phase 
with each other, the greater is the outout, and the further 
out of phase they are, the smaller the output. These varia- 
tions inthe omplitude of the slate current occurs at the 


Meaciend diffaeanacs feastianenr An ditin 
SOlITCS GlLiicrOnNco POqMON Sy, Goa aes un 


quency or i-f towhich the plate tan circuits are tne: 
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The inet escillator emecoacant is niacte in the 
plate circuit because they sre of opposite pelarity, anc 
since they always are equal in amplitude and opposite in 
polarity, theycancel. All other frequencies in the plate 
circuit cre bypessed to ground t. roug: ; Capacitor C4 with- 
out being developed. For a detailed cescription of 
heterodyning uction, refer to the introduction to this section 
of the Handboox. 

If the received r-f sicnal contains amplitude modulated 
components, the beat frequency also contains similar ampli- 
tude modulate components, which vory in accordance w 
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FAILURE ANALYSIS, 
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renewal of the missing input sisnai. [f each signal is 
present on its respective primary, check the continuity from 
the grid of V1 to the grid of V2 with an onmmeter. [itis 
an open circuit, the secondary of Tl is probably open. 

Also check the secondary of T2 for continuity with an 
ohmmeter. Check C2 for a possible short, as this would 
place a short across the secondary of T2. Check C3 for an 
open, and Rl for proper value with an chmmeter. If the 
above components check good, aad the proper signals are 
applied to their respective primaries, these signals should be 
present on the grids of the tubes. If the trouble still exists, 
one of the transformers is probably defective. 

Tf both signals are present on each arid, and the output 
is low, the tubes are probably defective. Do not overlook 
the possibility of the tuned circuits being misaligned. If 
the low output still exists, check the bias supply and the 
plate voltage supply to be certain that voltages are normal. 
Check Ri and R2 with an chmmeter for proper value. Check 
C4, C5, and C6 for an open or a short with an chmmeter, 
and the primary and secondary of transformer T3 for con- 
tinuity. If above checks fail to locate the trouble, check all 
capacitors with an in-circuit capacitor checker, and double 
check all transformers. 


PENTAGRID CONVERTER. 
APPLICATION. 


The pentagrid converter is used in modern super- 
heterodyne receivers to corvert radio frequencies (r-£) 
tointermediate frequencies (i-f) by neterodyning (mixing) 
the received r-f signal with a locally generated signal. 


CHARACTERISTICS. 

One tube functions as both oscillator and mixer. 

Output is stable up to and including the h-f band. 

Signa!l-to-noise ratio is poor. 

Offers high gain (conversion transconductance}, 

Oscillator section is electron-coupled and isoleted 
from input signals to minimize ‘pulling effects". 

Cireuit cost is lower than that of twe separate tubes. 
General. The pentagrid converter is a low cost, high 
gain, frequency converter with excellent stability, commonly 

used for frequencies up to and including tne h-f band. 
Perhaps the most frequent application of the pertagrid cen- 
verter is in the standord ac-de hcuse-hold receiver where, 
due to the high cain characteristics of the pentagrid tube, 
an r-{ amplification stage is not requires. By combining the 
rf amplifier, local oscillater and mixer into one tube the 
over-all cost of te receiver is greatly reduced without 
sacrificing quality; however, in more sophisticated receivers 
where grecter sensitivity and selectivity are desired, the 
pentagrid converter is usually preceded ny at least cne 
stage of amplification. 

Basically, the pentagric converter can be divided into 
two separate circuits; an electron-coupled oscillator 
(formed by the cathede, inner control grid, and screen grid) 
and a conventional! peritagrid mixer with separate grid in- 
jection. 
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The tube is biased below cutout bya shunt orig leak 
bies network, and plete current only flows wnen the oscil- 
lator signal is large eneugh to overcome the heavy necative 

bias. Thus, concuction takes picce for the smali ameunt 
of time that the oscillator signal is at its peak amplitude. 
This breaks the plate current into pulses varying at the 
oscillator frequency. As the receiver is tuned to the desired 
r-f frequency, the r-f voltage injected on the outer control 
grid is adde¢ algebraically with the oscillctor signal so 
that plate current now follows their combined sum voltage. 

Operating the tube just above cutoff on the non-linear 
portion of the Eg-Ip curve causes harmonic distortion. 
Consequently, in addition tothe two original frequencies, 
their sum and cifference frequencies are now present in the 
plate circuit. 

A parallel resonant tank circuit is placed in the plate 
circuit and is tuned to the desired i-f, which can be either 
the sum or difference of the two original frequencies. 
Transformer action transfers the selected i-f to the input 
of the next stage. The two original frequencies and their 
sum or difference (depending upor. which frequency was 
selected for the r-f) are by-passed to ground through the 
relatively low impedance offered by the screen bypass 
capacitor. 

Circuit Operation. A typical pentagrid converter cir- 
cuit is illustratec in the accompanying schematic diagram. 
Pentagrid converters are occasionally modified to function 
in special circuits, consequently, circuit arrangements 
which vary from the aecompanying schematic may be in- 
corperatec in cifferent receivers; however, the functional 
Operation remains basically the same. 


Pentagrid Converter 
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R-f signals arriving at the antenna are impressed across 
Ll and coupled across transformer 7] to the secondary 
tuned tank formed by inductor L2 and ccpacitor Cl. C2 
is a trimmer capacitor used to sr the hign frequency end 
of Cl during alignment. The selected x-f fequency is in- 
setted into the converter tube on te outer control arid, G3. 
Oscillator signals are developed in the crid tuned tank 
formed by inductor L3 and capacitor C4. C5 is 9 trimmer 
capacitor used for tracking the high frequency end of the 
main tuning capecitor C4, anc C6 is a padder capecitor 
used to track the low end of C4. The oscillator signals 
coupled to inner contro! gri h coupling capacitor 
C3 which, working in ie “RL Snclens the 


siannt ele lon WANTa avis te eee te: 


Conduction takes place when the pesitive peaks of oscil- 
lator signal overcome theclass € bias, ecu sing plate cure 
rent to flow in pulses at escillator frequency. The sulsed 
electior. stream. is furtier modulated by the r-f signe io aS 
both frequencies, plus their sumand difference § Tequencies 
appear in the plate circuit. The parallel resonant tuned 
tank formed by inductor L4 and cepacitor C8 acts as a plate 
load, and is tuned to the desired i-f frequency. Capacitor 
C7 prevents 1-f from entering the power supply. 

The output is taken across the parallel! tuned tank formed 
by inductor LS ond capeciter CO whick further selects the 
desired i-f frequency. 

The schematic diagram shown incorporates an electron- 
coupled Hartley oscillator as the frequency generating 
section. For ily stretive curseses the osc ‘Vator portion of 
the pentegrid conv rf Tscrewn in the uccompa- 
nying schematic dicgram. Notice thet tne screen grids (G2 

@ G4) form a comsesite oscillator anode. A detciles 
Gerational description of the oscillator section is included 
in the following paregrapis. 


Be 
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pentagrid converter this need wes intensified by combining 
two separate functions into one tube envelope. It is known 
that variation in the plate load of conventional oscillator 
circuits causes considerable variation of oscillator fre- 
quency. Hence, the need for sn oscillator whose output 
circuit is completely isolated from the tuned orid circuit. 
Inthe electron coupled Hartley oscillator, the internally 
connected screen grids are supplied ‘with a dc potential! 
and act as a composite anode for the oscillator section of the 
pentagrid converter. Electrons are attracted from the 
cathode ond flow towards the screen grids (anode): hewever, 
because of the relatively large spacing between the wires of 
the screen gri¢, most of theelectrons pass ont! rougn te the 
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smati ammount of screen current flows and the screen volt- 
age remains compcratively constant. It can de seen then 
that electrons leaving the cathade “see! 9 relatively con- 
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screen grid, ut the actual oute::t circuit of the oscillator 
is inthe pentagrid tube late. The screen mies are held at 
r-f ground potential by r-i on Pass capacitor C7 whose im- 
pedance is very low atr-f. Thus the only coupling which 
exists between the tees and output circuit is the electron 
stream, hence the name ’ ‘electron-compled” oscillator 
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To sustain oscillstions in the arid circuit it is neces- 
sary to ‘feedback’! an in-pkase portion of the output sisnal, 
In theelectron coupled | iartley the tepped inductor acts as 
an autotransformer to accomplish this purpose. For illustra- 
tive purposes the grid and aL cireuit has b 
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charge path). 

At the instant power is applied to the tube, zero bias 
exists on the control grid and the tube readily conducts, 
For the following discussion it will be helpful to remember 
that cathode current ’“follows’’ plate current. Increased 
cathode current develops a voltage potential across inductor 
L3 and capacitors C4, C5 ond C6, represented by CT, beain 
to charge (0 to lon the sine wave}. At point I, the capac- 
itors have charged to approximately the applied voltage and 
begin to discharge back through inductor L3, (point 1 to 2) 
setting up a magnetic field, (point 3}. The magnetic tield 
begins to collapse, (point 3 to 4) recharge capacitor CT 
(point 5) and the cycle repeats itself; however, notice that 
the voltage at point Sis less then that at point 1. This is 
due to inherent circuit losses (coi! resistance,etc.) and 
eventually, after a few more cycles, the oscillations will 
dampen out entirely. Thus, it can be seen thot an in-phase 
signal of sufficient amplitude to cancel out circuit losses 
is necessary to sustain oscillations, 

For simplification, bias voltages are disregarded in this 
discussion and will be discussed later on in the text. 

The positive going grid (0 to point 1) causes an increase 
in plate (and cathode) current, resulting in an increased volt- 
age across inductor L3k, 180° out of phase with the grid 
signal. The mutual inductive action of the autotransformer 
L3g und L3k produces another 180° phase shift, so that 
regenera ive (in-phase) feedback is accomplished. The feed- 
back voltage will be relatively small cue to the tums ratio 
of the transformer but it is of sufficient amplitude to re- 
insert and compensate for any circuit losses. Thus, the 
flywheel effect of the tuned tank circuit, aided by the 
mutually induced voltage from L3k, impresses a linear sine 
wave on capacitor C3, which is part of the shunt grid leak 
bias circuit. 

As has been previously mentioned, it is required that 
a mixer operate over the nonlinear portion of the Eg-Ip 
curve, thus the tube must be biased below cutoff. 

The grid leak bias circuit comprised of resistor Rl and 
capacitor C3 performs this function and will be discussed 
in detail in the following paragraphs. 

The oscillator input signal arriving from the grid tank 
circuit is impressed on the tonk side of capacitor C3. 

On the positive swing of the oscillato: input signal the 

gtid is driven positive, causing current to flow from cathode 
to grid through the intemal tube grid~cathode resistance, 
Rgk (The value of Rak is considerably lower than that of 
the parallel resistamce R1 so tne major portion of the cur- 
rent will flow through Rak) and C3 charges rapidly, placing 
a negative voltage on the control grid. As the oscillator 
signal swings negative, grid current ceases to flow and 
capacitor C3 begins to slowly discharge through resistor 
Ril. The value of Rl is considerably larger than Rgk, so 
discharge time is longer thar, charge time. Before C3 can 
become fully discharged tne oscillator siqnal begins to 
swing positive and grid current flows again, charging C3 to 
a higher potential and placing more bias voltage on the con- 
trol grid. Eventually, after ¢ few more cycles of oscillator 
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signal, the charge on C3 becomes stabilized and grid volt- 
age remains at a constant level. 

If the time constant of the R-C bias network is too 
long, capacitor C3 will eventually become fully charged, 
placing the tube in absolute cutoff and no current wil] flow, 
consequently, oscillations will cease. Hence, the value of 
gtid leak resistor Rl is critical. It must be large enough to 
develop a sufficient negative voltage for cutting the tube 
off and small enough to allow a partial discharge of C3 be- 
fore the next oscillator cycle begins. Thus, by using the 
correct value of grid leak resistance the circuit may be de- 
signed to cut off for 90% of the time with only 10% (the 
positive peak) of the signal causing tube conduction. 

The positive peaks of the oscillator signal brings the 
tube out of cutoff and modulates the electron stream in 
pulses. R-f signals arriving at the antenna are impressed 
ccross inductor Ll, the primary winding of T]. The 
signals are transformer coupled to tne secondary winding, 
inductor L2. Capacitor Cl and L2 make up a parallel 
resonant tonk tuned ta the selected r-f frequency. Notice 
that Clin the rf section and C4 in the oscillator section 
are mechanically ganged, and varying one wil] cause the 
other to vary by on equal amount, hence the oscillator and 
t-f stage are always, theoretically, separated by the inter- 
mediate frequency. However, on the extreme ends of the 
tuning range the variable capacitors become somewhat non- 
linear and if proper tracking is to be acquired it is neces- 
sary to insert trimmer and padder capacitors to '’fine tune’ 
the focal oscillator and r-f sections. Capacitors C2 and 
C5 are "trimmer" capacitors used to track the low fre- 
quency end of Cl and C4 respectively and C6 is a "padder’’ 
capacitor used to track the high frequency end of capacitor 
C4. 

The frequency selected by Cl and L2 is applied to the 
outer control grid, G3. The r-f signal arid is electro- 
statically shielded from the oscillator grid by screen grid 
G2 which is at ground potential. Consequently, very little 
electron coupling exists between the r-f and oscillator 
circuits and frequency pulling effects are virtually elim- 
inated. 

The electron stream, varying at oscillctor frequency, 
is further modulated by ther-f signal and plate current begins 
flowing at a rate, as determined by the algebraic sum of the 
two signals. Harmonic distortion, caused by operating the 
tube non-linearly, produces various frequencies (the original 
rf and oscillator signals and their sum and different fre- 
quencies) in the plate circuit. The fixed tuned output tank 
comprised of L4 md C8 is tuned to the desired i-f, which is 
usually the difference frequency, and inductively couples 
the selected i-f to the secondary winding tuned circuit 
comprised of LS and C9. 

The unwanted original frequencies and their sum fre- 
quency ore shunted to ground tnrouch r-f by-pass capacitor 
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No Output. Before troubleshocting the converter stage 
check each component visually for sins of overheating, 
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Also, check all componert corrections s 
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PART B. SEMICONDUCTOR CIRCUITS 
MIXERS. 


The mixer circuit performs the function of a het- 
erodyne frequency converter. As used in the super- 
heterodyne receiver, the mixer serves to convert the 
received r-f signal to an intermediate frequency (i-f) 
which uses a fixed-tuned omolifier to obtain turther 
amplification and selectivity before detection. In this 
application, two radio-frequency inputs are mixed togetner, 
and the output, usually at a lower radio frequency (the i-f), 
is applied to the intermediate-frequency amplifiers. How- 
ever, the mixer circuit is not restricted to use in this 
manner: it can be used wherever it is desired to change, 
eneshvertcns frequency to another, The conversion 
of frequency can be trom a lower to a tligher fiequency 
(used in VLF and LF receivers), as well as from a 
higher to a lower frequency (used in medium, HIT, VHF, 
and UME receivers}, In VHP and |HP superneteroaynes 
double, or eventriple, conversion may be used to 
transform the original frequency to a lower i-{ more suitable 
for obtaining the required selectivity with qreater amplifica- 
tion than can be obtained at the signal frequency. The 
general data on mixers discussed in Part A, Electron 
Tube Circuits, in this section is also generally applicable 
to semi-conductor mixer circuits, and should be read as 


functions as c converter. In both the mixer and tne 
converter, the heterodyning process ‘s used to perform 
frequency conversion. The terms mixer and converter 
sre sometimes used interchangeably, but they really define 
whether the circuit function invelves only mixing ora 
more complex process. 

Mixers in the semiconductor field are divided into 
two general groups - the diode and the triode (the few 
other types which exist are specially designed transistors). 
The diode mixer uses a conventional semiconductor diode 
to provide mixing without ampiification. The triode mixer 
uses the diode junctions to provide mixing with amplifica- 
tion, and produces a greater output than the simple diode 
mixer, As presentiy used, the conventiona! seziconductar 
(crystal) mixer provides efficiont Hequency conversion 
up to about 10GU mc. For the highs zl ear 
microwave mixers are designed. The microwave crystal 
diode mixer iuncuons up iG the wsubic be recamas ender 
radio-frequency spectrum with a good signal-to-noise 
gatio (better than thet of any other tye & 
the early crystal rs wete basically reint-contact 
devices, today’s mixers (with the exception Ol sume 
microwave units) re grown of alloy functions specially 
processed for low-noise performance. Tunnel diodes 
are also used for mixing, but they are generally employed 


as converters, with their negative-resistanc characteristic 
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being used to provide seltoscillation, as well as diode 
mixing; they will be discussed in a later part of this 
section, under autodyne converters. 
In all of the mixers that are discussed in this sec- 

tion, the heterodyne process of beating together two 
t-f signals is employed. This heterodyne process has 
the unique ability to transfer all modulation compo- 
nents (including noise and hum) existing o% either of 
the two signals to the output f 
The heterodyne process does not require signal detec- 
tion and subsequent addition of the modulation to the 
new signal frequency. Instead, the conversion from 
one frequency to another with complete transfer of the 
modulation from the origina! frequencies to the out- 
put irequency is abtained simply and easily ina 
single cirmnt. This is the piicicie upon which the 
supetheterodyne receiver is based. Sy heterodyning with 
e super {higher} frequency (usually obtained from a 
aca! oseillater}, the original frequency Is converted to 
much lower trequency Dy the lirst detectar or mixer. 
resultant signal is then amplified, and unwanted 
signals outside the i-f pass bend are removed by the 

a (selectivity) characteristics of the intermediate- 
frequency stages, after which it is finally detected in the 


nm 
iequency or frequencies. 


present in the output circuit, because the heterodyning, 
ot beating together, of the r-f signal and the loca!- 
oscillator signal produces a number of beat-frequency 
combinations. Thus the cutput circuit contains the 
otiginal frequency, the local-oscilletor frequency, and 
the sum and difference of these irequencies, together with 
3 series of other frequencies which are multiples (and 
submultiples) of these basic frequencies, genetated by 
the heterodyning of the beats with the origina! signals and 
the other beat frequencies. Lach beat multiple (or 
submultiple) has a reduced amplitude and need not be 
considered further. In the case of the first four 
frequency combinations, which have appreciable am- 
plitude, it is a simple matter to provide a tuned circuit 
“hich will calect the desired output frequency. 
Except for reduced size and power consumption, the 
i xet is comparable to the vacuum-tube 
important advantages over 
naher frequencies 
eri o lower noise lev he hiqner frequencies. The 
semiconductor mixer can operate at higher irequencies 
roan the electron tube hecause the electron tube is limited 
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used (diode, triode, etc} is purely a matter of design 
considerations. The following circuit explanations will 
discuss these considerations only where they are 

relevant to an understanding of circuit operation. 


DIODE MIXER. 
APPLICATION. 


The semiconductor diode mixer is used in transistor- 
ized superheterodyne receivers in heterodyne frequency 
converter circuit arrangements to provide the inter- 
mediate frequency; and in electron tube high-frequency 
receivers to provide a low-noise 1-f 10 i-f mixer. Special 
purpose applications include test equipment, microwave 
repeaters, and single-sideband transmitters, in which 
mixers are used for frequency conversion. 


CHARACTERISTICS . 

Requires a separate source of heterodyning voltage 
(local oscillator). 

Uses nonlinear transfer characteristic of a diode 
to provide mixing action. 

Conversion qain is less than one, and efficiency 
is high. 

Signal-to-noise ratio is high (better than that of 
an electron tube), 

Heterodyne-signal (local oscillator) amplitude must 
be larger than received-signal amplitude for minimum 
distortion and best efficiency. 


CIRCUIT ANALYSIS. 

General, The semiconductor disde mixer is cne of 
the simplest types of mixer circuiis employed in frequency 
conversion. [n this application, ike two signal voltages 
to be heterodyned are supplied in series to the diode, and 
the mixer output voltage is obtained from a tured: 
transformer arrangement. Tre autput circuit .. tuned 
to the intermediate frequency, whic? '3 usually the 
difference frequency between the two signals. Thus all 
other unwanted frequencies are rejected, and the i-f signal 
(which also contains the modulation components of the 
input signal) is supplied to the i-f amplifier for further 
amplification. The preceding discussion concerns the 
use of the mixer in receivers where the input signal is 
converted to a lower frequency. In very low frequency 
receivers, or in a sideband generator where the signal 
is genetated at a low frequency and heterodyned to a 
higher frequency, the opposite condition exists, and the 
sum frequency is the output frequency. In each case, the 
circuit actions are the same, put the frequencies of 
interest are different. 

Circult Operation. The accompanying circuit sche- 
matic shows a simple diode type mixer. 

In this circuit, T] is tuned to the high frequency input 
signal, and T2 is tuned to the lower-frequency local- 
oscillator signal. The secondaries of Tl and T2 are 
connected in series, and the t-f input is superimposed on 
the local oscillator signal. The combined signals are 
effectively rectified by crystal diode CR, producing a 
difference frequency current in the primary of output 
transformer T3, connected in series detween the cathode 
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of the crystal and ground. Since T3 is tuned to the 
desired intermediate frequency, it offers a high impedance 
at that frequency, and thus serves as the load across 
which the output voltage is developed. The secondary of 
T3 is also tuned to the i-f signal, and together with 

the tured primary, it provides a highly selective circuit 
with bandpass characteristics. 

When the signal voltages in the secondary of T! and 
T2 are in phase, they add and the voltage applied to 
the crystal is increased. When they are out of phase, 
the voltages subtract and the crystal input voltage 
is reduced. Since the two voltages ate sinusoidal, 
the resultant signal will also be sinusoidal, and vary 
similarly. Because the new signal is a composite 
signal, its maximum and minimum amplitudes will occur 
at different times from those of the other signals. Thus 
the frequency of the new signal will be different from 
the original frequencies. Any intelligence existing as 
modulation (either AM or FM) on these carriers will be 
transferred to the new signal. Since the local-oscillator 
signal is unmodulated, the new signal will contain the 
modulation of the high-frequency received signal, together 
with any unwanted hum or noise components present on 
the locul-oscillator signal. 

Since the crystal conducts only when its anode {ts 
positive with respect to the cathode, only the positive 
alternations are effective. Pulses of current are 
produced at the rate of the original signals plus the 
composite signal. This current flows through the 
primary of T3 and induces a voltage in the secondary 
of T3. Since beth the primary and secondary of T3 are 
tuned, the greatest output voltage will occur at the 
frequency or over a range of frequencies for which the 
highest impedance is offered. Frequencies outside this 
band will be offered a low impedance, and little or no 
output voltage will be developed. Thus only the selected 
output frequency is obtained. 

The basic principle of mixer operation is the use 
of the nonlinear transfer characteristic of the crystal 
diode to produce signal voltages in the output which 
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did not exist in the input signal. At the same time, all 
modulation components present on the original signal 
must be effectively transferred to the new signals. The 
desired output frequency is then selected by o tuned 
circuit and separated from al] the other unwanted 
frequencies. The manner in which this is accomplished 
is shown in the accompanying illustrations. 

First, let us examine the transfer characteristic 
of a crystal diode and compare it with a linear 
characteristic, as shown in the accompanying illustrations. 


I t | 
I | | 
| | 
- © + 
E 
CRYSTAL DIODE LINEAR 
CHARACTERISTIC CHARACTERISTIC 


As the input voltage to the crystal varies the cur- 
rent also varies, but not equally for all increments of 
inout voltage. On the other hand, the ideal linear 
curve will result in equa! current increments for equal 
voltage increments. If the diode voltage-current characteris- 
tic were linear, the input voltage would produce a current 
which, when passed through a resistor or locd impedance, 
would praduce an output voltage identical to the input 
voltage. Therefore, if two different voltages were 
applied as inputs, exactly the same voltages would be 
obtained in the output (except for a slight loss due to the 
resistance in the crystal). Thus, frequency conversier. 
could not occur if the diode transfer characteristic 
were linear. On the other hand, when an input voltage is 
applied to the nonlinear diode, a distorted output is ob- 
tained. The distortion consists of signals which differ 
in frequency from the original signal. lf two ditferent 
signals are applied to the nonlinear diode, the output 
clicuit contains distortion products for both signals. 
These extraneous signals are the sum und difference fre- 
quencies of the ongimal signals, pius beats between the 
origina! signals and the distortion products (which orc 
heat signals themselves), as illustrated below, 

To produce the desired convetsion with tivelity, 
one input (usually the input supplied by the iocai 
oscillator} must be larger than the other. This is easily 
accomplished by using the weak high-frequency incut 
signal as the smal] signal, and the strong locai-osciliuin 
siqnal as the large signal. When the input voltage is 
large enough to appear at the point of greatest inflection 
on the diode characteristic curve, the best efficiency is 
obtained. The following fig the conversion 
transfer qrapnically. in eff ! 
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and produces a l-me beat signal, which rides on the local- 
oscillator carrier somewhat like a ripple voltage. The 
output circuit contains pulses for each positive cycle 

ot the two input frequencies, plus the beat signal. 
Selection of the desired output frequency is obtained 

by using a tuned circuit as the load. The greatest output 
is developed, of course, at the beat frequency to which 
the load is tuned, and the other frequencies are effectively 
tejected. 

The manner in which the conversion efficiency varies 
with loca]-oscillator signal amplitude is shown gro- 
phically in the accompanying figure. As can be seen 
the best efficiency is obtained for the strongest local- 
oscillator signal that can be handled by the diode. Since 
the detector output increases very slowly after the 
maximum inflection point of the characteristic curve is 
reached, the efficiency changes very little beyond this 
point. Thus there is a limit beyond which not much 
change of efficiency occurs if the local-oscillator power 
is increased. Note, however, that for vety smal! signals 
the efficiency is low. In addition to low conversion 
efficiency when the input signal is of the same amplitude 
as the local-oscillator signal, extreme distortion is 
produced, because the beat signal varies from zero to 
a maximum of twice normal (in effect 100% modulation). 

In this case the circuit acts somewhat like a square-law 
detector. Little use is made of this circuit characteristic. 
Normally, the local-oscillator signal amplitude is fixed at 
about ten times the amplitude of the received signal. 
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It is interesting to observe that the local-oscillator 
signal is always unmodulated; if both signals were 
modulated, the linear transfer of modulation would be 
annulled because of phase cancellation between modula- 
tion components. The normal transfer of modulation 
occurs linearly even though the beat is produced by 
deliberately distorting the r-f signal. This deviation 
trom the normal tule of avoiding distortion ts due to the 
large separation in frequency between the modulation 
(usually an qudio-frequency signal) and the input and 
local-oscillator signals (which are always radio-frequency 
signals), The audio modulation varies at such a relatively 
slow rote that many r-f cycles can be lost without a 
noticeable change in fidelity; that is, any change in the 
amplitude of a single r-f cycle has little effect on the 
over-all operation, 
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Since the semiconductor diode will conduct in a 
reverse direction, it represents a lower-impedance load 
than the conventional electron tube diode, and it also 
has a lower forward resistance. Neither parameter, 
however, has any great effect on the operation of the 
diode as a mixer. 


FAILURE ANALYSIS. 

No Output. If the loca!-oscillator signal or the 
r-f input is missing, no i-f output will be produced. Both 
signals must be present to obtain frequency conversion. 
An open circuit in the input transformer (T1) or the 
local-oscillator transformer (T2) - either primary or 
secondary - will also render the circuit inoperative. A 
defective crystal may be checked by making forward- and 
teverse-tesistance checks of the diode. The reverse 
resistance shouldbe very much larger than the forward 
Tesistance. Since the proper functioning of transformer 
T3 is necessary to select the output signal, an open 
circuit in this transformer could also result in no output. 
Moreover, it is possible thot mistuning of the input 
circuits could cause absence of one of the signals and 
produce a no-output indication. A resistance or continuity 
check of the transformers should be made to insure that 
the circuit is comp te, and a test signal should be ap- 
plied to the input. = tetodyne with the local-osci! lator 
signal while checks . made for an output signal in T3. 
It will be necessary t. 3e a VTVM with an r-f probe 
to determine whether the i-f voltage is present. With a 
modulated input to the mixer, an oscilloscope with an r-f 
probe can be used to observe whether the modulation 
appears in the output. 

Low Output. A low-output condition can occur ifthe 
local-oscillator signa) is equal to or less than that of 
the input signal, Such a condition could be caused by 
mistuning of Tl of T2. Substituting a test signal in 
place of the local-oscillator signal will quickly determine 
whether the oscillator output is low {if the proper value 
is known, the oscillator voltage can be measured with a 
VTVM and r-f probe). A similar result could be produced 
by the local-oscillator being tuned off frequency as a 
tesult of improper padding or alinement. 

Other Conditions. Defective shielding or lack of 
proper lead dress after repair may permit the loca}- 
oscillator signal to leak into the preceding stages 
of the receiver and reduce the receiver sensitivity 
by producing a high ave voltage. Or it may allow the 
local-oscillater signal to feed back through the i-f 
and detector stages and cause birdies and unwanted 
signals, Such troubles will disappear when the local 
oscillater is temporarily disabled and a well shielded 
test-signal source is substituted in its place. 
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TRIODE MIXER 
APPLICATION. 


The transistor triode mixer is used in transistorized 


superheterodyne Teceivers ta combine the incoming rf 


signal with the local oscillator siqnal to produce the de- 


sired i-f frequency. 


CHARACTERISTICS 

Provides conversion gain. 

Requires a separate local oscillator to provide the 
heteroedyning signal. 

Utilizes the nonlinecr transfer characteristics o! the 
tramsistor to provide heterodyring action. 

‘The transistor is biased in the tow current recign where 
nonlinearity is high. 

A relatively high signal to noise ratio is obtained. 

Operates better at higher frequencies because of reduced 
transit time effects. 


CIRCUIT ANALYSIS. 

Genera!. The pumose of the mixer stage is to convert 

the incoming r-i frequency usually into ¢ lower frequency 
which contains the same characteristics (modulation) as the 
original r-f frequency. This lower output frequency, called 
the intermediate frequency, or the i-f frequency, must re 
main the same for any I-{ signal received within the range 
of the receiver for proper operation. The radio frequency is 
converted to an intermediate frequency by a process called 
heterodyning. When the input signal, along with another 
specific frequency referred to as the ‘local oscillator 
signal,’ is injected into the base (or emitter) of a 
transistor, four basic frequencies are obtained at tne col- 
lector {although many other dect frequencies are also gen-, 
erated they are seldom used). These are the original two 
frequencies and the sum ond difference of these inputs, 
A resonant tank in the collector circuit is tuned to the dii- 
ference frequency, so that it will accept ond pass this fre 
quency on to the following stages and effectively attenuate 
all the other unwanted frequencies present. 

There are also applications where an incoming signal 
is converted to a higher frequency, as in Very Low Fre- 
quency receivers andin Single Side Band generators, where 
the sum frequency instead of the difference frequency is 


used as the intermediate frequency. Circuit operation is 
ine intermecicte irequency. Uircult operation is 

, 

is 


same for this applicat ion, thednccrantehongeis thatthe 
output tank is tuned to the desired(sum) frequency. 

The efficiency ai oe conversion in the transistor 
at lower frequencies is strongly dependent on the alnna 
tating ormeximum usable qain capschility of the transistar, 
Over the medium frequency tor ag: conversion output desends 
primarily on base resistance, amid in tne nigh: frequency 


rtat 


range conversion efficiency is li 


emitter reverse shunt ng capacitance, theless the capaci- 


tanan thaka tha nin Crnncarniqn vain alas 
tance tne octter is ine poromance, UOnvercion, Gain 2.56 


influences the noise factor. At low frequencies the oasis- 
tor is aha to a crystal diode with a trarsister emoli wae 
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usually higher than that produced by the diode and transis- 
tor amplifier combination. 

Circuit Operation. The accompamyina diaaram illus- 
trated a typical common-emitter type triode mixer. 
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Common- Emitter Triode Mixer 


As can be seen from a stucy of the schematic, resistors 
Rl and R2 form a voltage divider to provide base bias 
for Q]1. Resistor R3, bypassed by capacitor C3, is a con- 
ventional emitter swomping resistor used to prevent temper- 
ature changes from altering transistor performance. 

Winding LI is the primary of T], and, together with capac- 
itor Ci, forms a parallel resonant tank circuit tuned to the 
selected r-f signal frequency. This signal is inductively 
coupled to secondary L2 of Tl. Tronsfommer T2 injects the 
local oscillator siqnal on the base of Ql. Transistor Ol 
issthe:nenlinear device Used forhetecodyninal. The sana 
LS, of uansiormer T3 together with C4 forms a paraliel 
resonant tank circuit tuned to the difference (i-f) frequency, 
and capacitor C5 also shunts the unwanted frequencies re- 
maining in the collector circuit to ground. 

The bias voltage divider formed by Rl] and R2 together 
with emitter resistor R3 biases transistor O1 in the low cur- 
Tent region of its dynamic trmsfer curve. Operation in this 
tegion provides good heterodyning action since consider- 


able nonlinearity occu 
12 occu 
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ase Griy ere 


y occurs h 

The received r-£ signa! is coupled th ATOuSh i 
with the local oscillator sia ; 
base of Ql. Since these two frequencies are different tne 


phase relationship between them is constantly chor 


a 


chetal 
are 


algebraically sc that amplitude variations appear o: 
collector ut regular intervals in tne form of a newly cevel- 
oped heat freqiency, This heat free, uency is the tes! 
product of heteradyning the two sands ané is call 


intermediate fromuency, Tf the recoived 5 f sieeal is omol: 
SIMO CIAe Me guency, ai tne TOCeivea Pi Signa. is ampii- 


tude modulated the resultant i-f sicnal will nave the same 
amplitude modulation cheracteristics {the modulation is 


: facta ae ae , 
transferred linearly from one sicmal to thecthes). Livewise, if 
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the received r-f signal is frequency modulated the resultant 
i-f frequency deviates around a center frequency at the same 
Tate as theoriginal r-f signal deviated. See the introduction 
to Part A, Section 13 of this Handbook for a detailed discus- 
sion of frequency conversion. Cl] and the tuning capacitor 
of thelocal oscillator are mechanically connected so that 
whenever C1 is tumed to tune the r-f tmx to a different 
frequency, the local oscillctor frequency is, likewise, 
changed a corresponding amount. This results in a constant 
difference frequency being produced as the receiver is tuned 
over theentire ronge. The local oscillator siqial amplitude 
is made approximately ten times that of the incoming r-f 
signal for efficient mixing. The resonant tonk formed by the 
ptimary of T3, and consisting of L5 andC4 is tuned to the 
difference frequency or i-f. This resonant tank presents a 
high impedance only to the intermediate frequency ond a 
maximum amplitude output signal is developed and in- 
ductively coupled to the secondary, (L6), of T3. Capacitor 
C4 which tunes the output tank circuit alse presents a low 
impedance to the unwanted frequencies in the collector 
circuit, and they are shunted around LS and bypassed to 
ground by C5. Nozmally this bypessing is sufficient. It has 
been noted, however, that in strong signal areas, md espe 
cially in all-wave types of superheterodyne receivers, that 
sometimes strong beat harmonic frequencies are generated 
which areof sufficient amplitude to appear somewhere in the 
tuning range. Since these signals seem to appear at non- 
harmonic frequency points on the dial they cause the cpera- 
tor to infer that this station is operating off-frequency. This 
effect depends upon the cncice of the i-f, whether or not it is 
single or double conversion, andit also depends upon how 
well the shielding is effective, md varies from model to 
model. This effect is mentioned here to indicate the im- 
portance of selecting only desired frequencies. 


FAILURE ANALYSIS. 

General. When making voltage checks, use a vacuum- 
tube voltmeter to avoid fow value of multiplier resistance 
employed on the low voltace ranges of the standara 20,000 
ohm per voit meter. Be careful to observe proper polarity 
when checking continuity with an ohmmeter. Since a forward 
bias through any of the transistor junctions will cause a 
false low resistance reading, 

No. Output. A ro-output condition is usually indicative 
of a defective tronsistor, or an open base, emitter, or 
collector circuit. In the common-emitter circuit a shorted 
base or collector would also cause no output. These cor- 
ditions can easily be found by resistance ond continuity 
checks with an ohmmeter. To prevent false readings, be 
careful to observe proper polarity when checking resistance 
ot continuity. Check the power supply voltage to make 
certain that loss of output is not due to a blown fuse or a 
defective power supply. 

It should be noted that on i-f frequency could not be 
produced by the mixer if the local oscillator signal can not 
reach the base of Ql. Presence of this signal can be deter- 
mined by simulcting this signal with a signal of proper fre 
quency from a signcl generator and infecting it into tne 


CHANGE 2 


0967-000-0120 FREQUENCY CONVERTERS 
base of Ql, An output then would indicate a fault in either 
the local osciliator, or local oscillator coupling trans- 
former T2, Trouble could then be lccalized to either the 
local oscillator or T2 by injectinc the simulated local 
oscillator sicnal in the primary of T2. If this causes an out- 
put it would be safe to assume that the local oscillator is 
at fault. If signal injecticr. into the pase of Q] produced m 
i-f output andin‘ection into the primary of T2 did not, T2 
can be assumed to be at fcult. It should also be noted that 
failure of theloccl oscillctor will cause very little noise 

to be present at the output of the receiver. In contrast, 
failure of the r-i stages would not greatly affect the noise 
present at thereceiver output, but would prevent or greatly 
diminish rodio reception. 

Presence of the r-f input signal can be determined by 
utilizing the procedure described above and applying it to 
transformer Tl. 

If resistance and continuity checks reveal that all 
components are good but cr. cutput cannot be produced even 
when injecting frequencies from ¢ signal generator it is 
possible that the output tank, the primary of T3 is badly 
mistuned or the trouble probably exists in the secondary of 
T3. Check the resistance of the secondary of T3 with an 
ohmmeter. If the trouble persists the defect could possibly 
be in the input circuits to the following staqe. 

Low Output. Low output could be caused by a chanae 
in bias or o defective transistor. Cneck DC bias levels with 
a vacuum tube voltmeter. With power removed, indications 
of improper bias should be followed up with resistance 
checks to determine the component at fault. 

It shouldbe noted that deterioration with cae causing 
lack of gain may result under high temperature conditions, 
Unlike vacuum tubes, nowever, transistors have operated 
for years without noticecble deterioration under proper oper- 
ating conditions. 

Another possible cause of decrecsed cutout would be 
insufficient local oscillater signal reaching tne nase of Q1. 
This condition could be checked by tracing tae local oscii- 
lator signal through transformer T2 to tne base of Ql, with 
a oscilloscope, noting that the amplitude is suificient on 
the primary of T2 and that there is not excessive attenuation 
through T2. Less likely though a still possible cause of 
low output would be insufficiert r-f sianal reachir.g the base 
of Qi, This condition could be isolated to the proceeding 
r-{ stages or transformer Tl by using the procedure de- 
sctibed above for checking the local oscillator signal. 
Should all the conditions necessary for proper operatior. 
be met, i.e., proper operating bias, qood transistor and suf- 
ficient amplitude input and local cscillction signals, poor 
performance could be the resultof mistuning of output tank 
T3. With on r-f input inte the seceiver try tuning T3 for a 
peak receiver output. 


MICROWAVE DIODE MIXER. 
APPLICATION. 


The microwave diode mixer is used in superhetezodyne 
radar receivers to combine, or ’mix!’, the incering -f 
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microwave signal with thelocal oscillator siqnal to precuce 
the desired intermediate frequency {i-f) output signal. The 
microwave diode mixer is generally used in applications 
where signal-to-noise ratio is on important consideration or 
where transit time at very hich frequencies becomes critical 
for other types of semiconductor mixers. 


CH CTERISTICS. 


Lf voltage is linearly dependent upon sianal amplitude, 
for signals small compared with the local osciliator power. 

Transit time effects are minimized. 

Overall noise figureis cs lew as 7db at frequencies up 
te 25,000 MHz. 

Requires o a separate local oscillator to supply the 


aAtase a) ee yes 


otcie cay oleae. 
Output circuitis tuned to the i-f frequency. 
Conversicn qain is less than unity. 


rr 


CIRCUIT ANALYSIS. 

General. The crystal is the most effectiy x 
the superheterodyne receiver at microwave Pau STCE. 
The operation of a crystal cs o mixer is similar to that of 
the diode electror, tube. Since a crystal is not ar amplifier, 
there can be no conversion gain, The conversion loss is 
taken as the ratio of the available i-f signal power to the 
available r-f signa! power. it varies with the circuit im- 
pedance but is normally about 6 to 10 db. Crystals are 
easily damaged, and voltages should not be applied which 
are greater than chout 5 volts in Lis blocking hanoge to 


ina ceases load. in creer san. ihe raesieen we fopash 
signal and the local oscillctor signal are appiied in series 
to the microwave cicde, aia the mixer cutout voltage is 
obtained from a transformer tuned to the desired i-f signal 
so that it will pass this frequency anc reject ali cther fre 
quencies. 

Circuit Operation. A simplitied micrawave diode miver 


circuit is snown in the accomoanying illustration. 
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Microweve Diode Mixer Equivalent Circuit 
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Transformer T1 consists of an untuned primary winding 
and a tuned secondary winding; Capacitor Cl and the sec- 
ondary winding of Tl form a resonant circuit at the fre 
quency of the received r-f signal. Transformer T2 is similar 
to Tl, except that capacitor C2 and the secondary winding 
of T2 form a resonant circuit at the frequency of the local 
oscillator. The resonant circuits, shown in the schematic 
as Tl, Cl ond T2, C2, are actual L-C circuits composed of 
inductors and capacitors at radio frequencies. 
Semiconductor CR] is a point contact crystal diode 
used at microwave frequencies. Transformer T3 is a double 
tuned transformer, with the primary and secondary circuits 
resonant to the intermediate frequency. This transformer 
hes a bondeass charccteristic whicn discriminates aqcinst 
frequencies above aud below te desiied ouipui frequency. 
When no r-f signal is applied to the input cf transfomser 
Tl, but the locel oscillator signal is aprlied to the input 
(primary) of transformer T2, semiconductor CRI acts aly 
as arectifier, For this input condition, the current pul- 
sations passing through the primary winding of the double 
tuned transformer, T3, are those of the local oscillator fre- 
quency; however, the tuning of transformer T3 does not 
permit the local oscillator frequency to reach the output 
because of the bandpass characteristic of the transformer. 
When the r-f and local oscillator simeals are applied 
simultaneously to their respective tuned circuits, the 
two signal voltages are applied in series to semiconductor 
mixer diode CRI. 
Since the two applied signals differ in frequency, Oe 


roltanan a ole. L 
VO.tages are ni not Giway 3 in phase Wit & 


ically these two voltages algebraically add or subtract 

to produce an amplitude variation at requler intervals; it is 
this periodic amplitude variction in the form of a beat fre 

quency voltage which is of greatest importamce. The bect 

frequency is actually the difference frequency produced by 
the instantaneous sianai voltages as they combine to in- 


crease amplitude when oppréaching aniin-phase relation 


ship andto decrecse amplitude when approcching an out-of- 
phase relationship. 

Because the two sine-wave frequencies are super- 
imposed, the mixer CRi rectifies, or detects, both frequen- 
cies. As a result, pulsating currents which vary in amplitude 
at the peat trequency rate are procucec in the primacy wind 
ing of transformer T3. ‘lhus a carrier envelope is formed 
which varies in accordance with the difference frequency. 
The pulsating Cuischiis luni uina the carrier eiiveiooe flow 
i: : wi trunaléomer FS. Sineethe 
pliiiuiy citcuit is tune O, il Ofesents unign unpeceunce te tne 
difference (i-t} frequency. Consequently, this frequency is 
fussed py Wansicrner iS, hu WME Guut voltage 1s induced 
in the secondary winding which varies in amplitude ir, ac 


cordance witn the ampiitucze of the GHsima: Sf sonal. 


Hf the received rf siqnai contains amplitude-modulation 
components, the beat difference will deviate at the same 
tates as tne oriainal r-f signal. Thus. the characteristics 
of theintermediate frequency signal are the same cs that 
of the ofiginal rf signal, except tnet tne received signal 
has been changed to a lower frequency. 
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The output (i-£ signal) voltage developed ceross the 
secondary tuned circuit of transformer T3 is applied to the 
succeeding stages where it is amplified and de 

modulated. 


FAILURE ANALYSIS. 

General, When making voltage checks use a VTVM to 
avoid the low values of shunting resistance employed on 
the low ranges of conventional voltohmmeters. Be care- 
ful to observe the proper polarity when checking continuity 
with an ohmmeter, since a forward bias through any of the 
diode junctions will cause a felse low resistance reading. 

No Output. Since the circuit of the microwave diode 
mixer is relatively simple, failure of the circuit to provide 
an output can be resolved to one of several possibilities. 
The resonant circuits T1, Cl anc T2, C2 must be properly 
aligned to their respective frequencies. The double-tuned 
output transformer T3, must also be correctly aligned to the 
desired intermediate frequency. The presence of tne desired 
t-f and local oscillator frequencies must be determined, 
since no output can be obtained from the mixer circuit unless 
both signals are applied to the mixer input circuits. One or 
more open windings in the transformers Tl], T2, or T3 can 
cause d no-output condition, so these windings should be 
checked with an ohmmeter to determine whether continuity 
exists. Capacitors Cl, C2, 03, and C4 can be checked with 
an in-circuit capacitor checker. 

Low Output. If the tank circuits cre not tuned to the 
proper frequencies, or if one of the capacitors should become 
leaky, a low output condition could occur. Check to see 
if the r-f, local oscillator, ond i-f tank circuits are tuned 
properly, and check all capacitors for o leaky condition. 


AUTODYNE CONVERTER. 
APPLICATION. 


The autodyne converter is generally used in transis- 
torized radio receivers to convert the incoming r-f signal to 
an intermediate frequency (i-f), and amplify the i-f, for ap- 
plication to succeeding stages. 


CHARACTERISTICS. 

Uses a single transistor to provide the functions of these 
stages. 

Acts as a local oscillator. 

Acts as on i-f amplifier. 

Acts as a self-contained mixer. 

Has lower conversion qain than circuit using a separate 
oscillator. 


CIRCUIT ANALYSIS. 

General. The autodyne converter is used as a combina- 
tion local oscillator, mixer, and i-f amplifier in transistor- 
ized radio receivers. In operation, random noise in the 
oscillator section produces a slight veriation in base current 
which is amplified to a larger variation of collector current. 
This signal is induced into the secondary winding of a 
transformer tuned to the oscillator frequency, end is then 
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fed back to the emitter circuit. With the feedback winding 
of the transformer properly chased, the feedback is positive 
(regenerative) and of sufficient amplitude to cause sus- 
tained oscillations. 

in the mixer section, the transistor is biased in « rela- 
tively low current region, thus opercting on guite non-linea: 
characteristics. As the zesired incoming rf signal is tuned, 
it mixes with the local oscillator signal and provides at the 
output the following four signals; the original r-f signal, 
the local oscillator signal, the sum of the two, and the 
difference of the two. Because the if tank circuit is tuned 
to the difference of the two signals, it is this signal which 
is selected, cmplified, and applied to tne following stage. 

Circuit Operation. The schematic of a typica] autodyne 
converter is shown in the accompanying illustration. 


ANU 


oj 


R-F INPUT 
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Q1 is a PNP type transistor whose base is capacitively 
coupled to the r-f input by Cl. Fixed base bias is supplied 
by the voltage divider consisting of Rl and R2 bypassed 
for t-f by C2 (see paragraph 3.3.1, base biasing, in Section 
3 of this Handbook for a detailed explanation of biasing). 
Capacitor C3 couples the local oscillator tank circuit to the 
emitter of Q], and also bypasses emitter swamping resistor 
3 to prevent degeneration. The swamping resistor stabilizes 
the transistor agcinst thermal current changes (see paragraph 
3.4.2, bias stabilization, in Section 3 of this handbook for 
a detailed explanation of emitter swamping action). The 
secondary winding of T} together with tuning capacitors 
C4 and C5 form the oscillator tank circuit, which is 
inductively coupled to the collector by the primary winding, 
Thus, feedback is obtained from collector to emitter to sus- 
tain oscillation. Another tuned tank circuit resonated at 
the i-f is formed by the primary of T2 and capacitor C6. 


Typical Autodyne Converter Circuit 
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Collector voltage is obtained from the supply through drop- 
ping resistor R4, bypassed by C7 for undesired r-f and i-f 
signals, The second ae windin ing of T2 és inductively 
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induces a reverse valtacé into the = Jitter circuit, waicn 
causes o decrease in the emitter current, and hence a ce- 
crease in the collector current. Tne decreasing current 
then induces a larger reverse voltace in the feedback loop, 
driving the emitter current in tne opposite direction, that is, 
to zero Or Tu jh the enllie, current le cutsil, < 
smdil reverse saturanen current (Iceo} flows: this current 
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FAILURE ANALYSIS. 
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